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1 EXECUTIVE SUMMARY

1.1 Objectives

The objectives of this study, per the Integrated Sr/TRU Precipitation and Cs lon Exchange Process
Validation Task Technica and QA plan (Serkiz, 2002), are to use batch contact ion exchange testing
of SuperLig 644 resin and smulants of LAW Envelopes A (AN-105) and C (AN-107) to:

> Examine the effects of resin storage environment on the Cs remova behavior of SuperLig® 644
resn from a sandard akaline sdt solution.

> Investigate Cs sorption over time to SuperLig® 644 resin with smulants of LAW Envelopes A
(AN-105) and C (AN-107).

» Examinethe sorption of Csasafunction of initia Cs concentration (develop a sorption isotherm).

> Evauate the effects of amulants of LAW Envelopes A (AN-105) and C (AN-107) on the chemica
properties of SuperLig® 644 resin.

> Evauate the effects of amulants of LAW Envelopes A (AN-105) and C (AN-107) on the physica
properties of SuperLig® 644 resin.

> Provide data generated from this work for incorporation into the preliminary SRTC ion exchange
models, a modding effort described in a separate test specification.

1.2 Conduct of Testing

Batch contacts were performed with SuperLig® 644 resin using Hanford waste smulants. Stable Csion
was utilized o that the tests could be performed in a nonradiologica fume hood at a reduced cost.

The overarching experimental gpproach taken in this work was to concurrently examine the time-
dependent changesin the chemical and physical properties of SuperLig® 644 resin in contact with LAW
Envelope A (AN-105) and LAW Envelope C (AN-107) waste tank smulants. Samples were
prepared in a series of smdl-scae (up to 0.25 L smulant liquid) batch contacts between tank waste
smulants and SuperLigCJ 644 ion exchange resin. By the nature of this approach, only sorption, was
investigated. The impact of potentia precipitates on the resin regeneration (desorption processes) was
not addressed. Within this batch contact approach, experiments were subdivided into: experimenta
controls, sorption isotherm; tempora effects (sorption kinetics); and, resin storage.
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1.3 Resultsand Performance Against Objectives

These tests stisfied the primary objectives of thistest program and provided much needed information
regarding the impact of smulant exposure and resin storage environment on the chemica and physica
properties of SuperLig® 644 resin. The character of precipitates forming on SuperLig® 644 resin was
a0 identified.

No systemdtic trends in Ky as a function of storage time were observed with any of the storage
conditions. At the end of the experiment (eight weeks of resin storage) the air-stored resin resulted in
the lowest Ky vaue and the DI-Water and nitrogen-gas stored K4 vaues were virtudly identica (see
Figure 1-1). Differences between Ky vaues were up to about 25 percent, but only Statidticaly different
after eight weeks storage. From amorphologica standpoint, resin contacted with the smple dkaine
smulant showed asmilar reponse to resin exposed to AN105 smulant. That isagradua rounding of
the particles with time. Small amounts of NaCl precipitates were also observed.

Cs sorption behavior of SuperLigo 644 resin exposed to AN105 and AN107 tank simulants was
gmilar to that previousdy observed (see Figure 1-2 and Figure 1-3). That is, maximum sorption is
achieved on the order of three to seven days after which sorption dowly declines as afunction of time.
The Cs sorption behavior was very similar for this resin in both the AN105 and AN107 smulants both
in terms of the magnitude and time-dependent changes. For these studies, there was not agatigticaly
ggnificant difference (greater than about 20 percent) in Ky val ues between the maximum sorption and
the end of the study (eight weeks of contact).

Precipitates were identified on the resin solids after contact with the smulants. A rdativey smdl surface
coverage of an unknown auminosilicate was identified for resins contacted with AN105 smulant and
very large amounts of sodium oxdate solids were identified on resins contacted with AN107 smulant.

From aphysica properties sandpoint, smulant contact had a very profound influence on the resin
character. Optical microscopy showed that resin exposed to AN105 smulant resulted in an
increasingly rounded resn morphology. Resin contact with the AN107 smulant led to maleable
agglomerated resin with smdler resn particles than the sarting materid (see Figure 1-4). Particle-Sze
andysisusing an optica technique showed the production of smaler particles during contact and the
AN107 contacted solids exhibited alarge shift (about one-haf an order) of magnitude in the mean
chord-length of the particles (see Figure 1-5).

The Langmuir modd wasfit to Cs sorption from AN105 smulant data and atotal Cs binding site
capacity of 0.333 mmole/g resin from Hamm(2000) to yield a best fit Langmuir constant (i.e., [3) of
1.260E-4 M. These reaults, shown in Figure 1-6, are Smilar to previous resin batches with adightly
increased sorption over the [Cs|, operating window (less than 1 mmolar Cs).

Based on the experimenta controls portion of this study, the following relative errors in batch contacts
were estimated:
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seven percent for ICP-MS andlysis of Csin the smulant blanks,

13 percent for ICP-MS Cs andysis with batch contact preparation,
f-factor andyss error of three percent (including weighing error), and
0.5 percent error in the volume of smulant.

These errors must be propagated during the development of isotherms, caculation of Q, and K4 vaues
from these data. Errors associated with calculating Q (i.e., sorbed concentration) and K4 vauesfrom
the difference in solution concentrations at the start and the end of batch contacts are rdatively large (on
order of 10 to 30 percent for typica sorption experiments).

Storage Conditions Experiments
All 30 mL Samples: All StorageConditions
SL 644 One Gallon Batch

Simple Alkaline Simulant
3500

3000 +
2500 +
2000 +

S

® Air Storage
1000 -+ A DI Water Storage

Kd (mL/g)

—e—i

MW Nitrogen Gas Storage
start  Time Zero Sample
500 T T T T T

0 2 4 6 8

Storage Time (weeks)

Figure 1-1 CsK4 versus storage duration in all storage conditions 30 mL samples.
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Figure 1-2 Cs-K 4 ver sus contact time AN105 simulant 30-mL samples.

SL644 1 Gallon Batch
AN107 Batch Contacts

7000
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4000
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"L
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Figure 1-3 Cs-K4 versus contact time AN107 smulant 30-mL samples.
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Figure 1-4 Optical Microscopy of 1 gallon SL644 contacted with AN107, 8 weeksdried sowly
during storage (left) AN107 Stagnant C dried in vacuo (right)
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Figure 1-5 AN105 and AN107 contacted chord-length distribution SuperLig® 644 One Gallon
Batch
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Sorption Isotherm
SL644 1 Gallon Batch
AN105 Simulant
‘=1.0E+00
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>
= X
2 1.0E-01 ¢
5 f "=
o !
£
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= F
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&
— 1.0E-03 EE— EEE—
1.0E-06 1.0E-05 1.0E-04 1.0E-03

[Cs] Agq (molelL)

Figure 1-6 Cs sorption isotherm in AN105 smulant SL 644 (one gallon batch) 30-mL samples.

1.4 Quality Requirements

Thiswork was conducted in accordance with the RPP-WTP QA requirements specified for work
conducted by SRTC asidentified in DOE IWO MOSRLEG0. SRTC has provided matricesto WTP
demondtrating compliance of the SRTC QA program with the requirements specified by WTP. Specific
information regarding the compliance of the SRTC QA program with RW-0333P, Revision 10, NQA-
1 1989, Part 1, Basic and Supplementary Requirements and NQA-2a 1990, Subpart 2.7 is contained
in these matrices.

Work was conducted with the approved Task Technicd and QA Plan. The additiond RW-0333P QA
requirements do not gpply to thistask. Researchers a SRTC followed the WSRC Quadity Assurance
Program, which has been gpproved by WTP, and the WSRC Qudity Assurance Management Plan
(WSRC-RP-92-225). Thisprogram contains gppropriate quaity assurance requirements for this task
from NQA-1-1989, and NQA-2a-1990, Part 2.7, asindicated by the QA Plan Checklist in the Task
Technicd Plan
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15 Issues
Issues of potentia plant Sgnificance identified in thiswork indude the following.

Errors associated with calculating Q (i.e., sorbed concentration) and K values from the
difference in solution concentrations at the start and the end of batch contacts are rdatively large
(on order of 10 to 30 percent for typica sorption experiments). Therefore, Satigticaly
sgnificant differencesin Q or Ky generated from this approach are not observable unless they
are quite large. An dternative approach that would reduce the overdl error in these parameters
is to measure s0lid- phase concentrations directly. While this gpproach is more costly, it might
be appropriate in experiments where smdler differencesin resin performance are being

evd uated.

A second source of error associated with the batch-contact approach utilized in this sudy isthe
uncertainty associated with knowing if the liquid film diffusion effects have been overcome.
More smply stated, was the applied agitation sufficient to overcome film diffusion effects and,
thereby, not affect the time for equilibration This effect was evident in comparing the 30-mL
and 250-mL contacts, where longer time-periods were required to reach equilibrium for the
larger and presumably lesswell agitated samples. Even with this potentid error, data within a
particular sample size should alow for evauation of the desired experimenta parameter (Storage
condition, Smulant composition, etc.).

Even though precipitates were found to form on the resin during exposure to waste-tank
smulants, their influence on Csremova was only on the order of a 20 to 25 percent reduction
in Cshinding over the eight week contact period investigated.

Exposure of SuperLig® 644 resin to waste-tank smulants had a Significant impact on the
particle-gze digribution of theresin. In dl cases evauated, exposure to akaine smulantsled to
an increased fraction of smaller resin particles. This was especialy dramatic during exposure to
the AN107 smulant. This resin response could have obvious negative impacts on the hydraulic
performance.

No other issues were identified.
2 INTRODUCTION AND BACKGROUND

Millions of gallons of radioactive waste were produced as a by-product of nuclear weapons programs
at various government Sites across the United States. The current legacy waste inventory has essentialy
been reduced to two main sites (Richland, WA and Aiken, SC) and is currently managed by the

Federal Government’s Department of Energy. Separate waste trestment processes have been
developed for each Ste as aresult of differencesin waste composition and regulatory requirements. For
the Hanford site, waste treatment strategy was originaly contracted to BNFL, Inc.
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Based on limited initid testing and extensive nuclear waste processing experience, BNFL, Inc.
developed atreatment flow sheet that included the following basic steps. 1) separation of low volume,
high activity solids from high volume, lower activity supernate, 2) treetment of the supernate for remova
of specific radionuclides (strontium, transuranics, cesum, and technetium) using precipitation and ion
exchange technologies, 3) evaporation of the bulk decontaminated

low-activity supernate, 4) vitrification of the decontaminated and concentrated supernate to generate
low activity waste glasses, and 5) vitrification of high activity solids and ion exchange duate solutions to
generate concentrated high activity glasses. This treatment process was designed to minimize the
volume of high activity waste requiring disposa and is described in greater detail in Hamm et &l., 2000.

Extensve tegting from 1998-2001 has been conducted in support of the original BNFL design for the
Hanford waste treatment plant at the Savannah River Technology Center (SRTC) in Aiken, SC and at
Pacific Northwest National Laboratory (PNNL) in Richland, WA. These test results indicate that the
conceptua design plan was adequate and the Department of Energy subsequently contracted Bechtel
Nationd Inc. to design, build, and perform initid operations of the waste trestment plant at the Hanford
ste. The River Protection Project - Waste Treatment and Immohilization Plant (RPP-WTP) for
trestment of the Hanford radioactive waste is currently under congtruction. Final design validation and
process optimization tests are continuing at SRTC and at PNNL during the design and congtruction
phase.

Theinitid plant treetment schedule focuses on 10 waste storage tanks which have been categorized into
four generd waste types (or Envelopes). Envelopes A, B, and C refer to liquid supernate samples
which vary in chemica compostion, while Envelope D refersto solids (dudge) primarily isolated from
tank hedls. Extensive testing has been conducted on both smulants and actud samples in each waste
category that were retrieved from the tanks.

2.1 Purposeof Work

Post-filtration precipitates have been observed in supernate actuad and stimulant waste during testing of
the flow-sheet chemigtry. Under certain conditions, precipitates have been implicated in adverseion
exchange resin performance (He fferich, 1995).

Work was conducted to address the research requirements contained in R & T Plan TSS-S111 as
described in “Integrated Sr/TRU Precipitation and Cs lon Exchange Porcess Validation” (Abodishish,
2001 24590-WTP-TSP-RT-01-027, Rev. 0). The experimental approach used to address the
research needsis documented in Technical Task and QA Plan for thiswork (Serkiz, 2002).

The strontium/transuranics (S/TRU) precipitation step prior to ion exchange has shown the generation
of post-filtration precipitate in both AN-107 (LAW Envelope C) actua and smulated waste filtrate
within 24 hours after filtration. These precipitates generaly formed on organic surfaces (e.g., polymer
storage bottle walls) (Nash and Saito, 2001). These findings suggest that solids from this post-filtration
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precipitation process could form preferentialy on the organic SuperLig® 644 resin and adversdly affect
the cesium ion exchange properties of the resin. This study was designed to investigate the impacts of
post-filtration precipitate formation on the remova of Cs from Hanford high-level waste tank smulants
using SuperLig® 644 ion exchange resin.

2.2 Experimental Approach

Cesum removad from tank waste smulants by SuperLigO 644 ion exchange resin was used as the
primary messure for the impact of precipitates. Secondary chemica propertiesinvestigated included Cs
sorption kinetics and the presence and character of surface precipitates. Particle shape, size
distribution, density of dry solids, color, and morphology of precipitates were monitored as indications
of changesin physical properties of the ion exchange resin.

The overarching experimental gpproach taken in this work was to concurrently examine the time-
dependent changes in the chemica and physical properties of SuperLig® 644 resin in contact with LAW
Envelope A (AN-105) and LAW Envelope C (AN-107) tank smulants. Batch contact samples were
prepared in aseries of smal-scae (up to 0.25 L smulant liquid) contacts conssting of waste tank
smulants and SuperLigCJ 644 ion exchange resin. By the nature of this approach, only sorption was
investigated. The impact of potentia precipitates on the resin regeneration (desorption processes) was
not addressed.

Within this batch contact approach, experiments were subdivided as follows
- Experimenta controls;

- Sorption isotherm;

- Tempord effects (sorption kinetics); and

- Resin sorage.

Each of these sub experiments are described in the following sections.

Ultimately, data generated from this work will be used as input for the SRTC ion exchange modeling
efforts. Reaults of these tests provide insights as to the impacts of solution composition onresin
performance. The datawill be utilized to evauate mode predictions of column performance. The
modelswill be based on sorption isotherms and kinetic tests developed from small-scale batch contact
with various solution compositions.
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3 EXPERIMENTAL

3.1 Resin

IBC Advanced Technologies, Inc. (American Fork, UT) has developed a proprietary ion exchange
resin, namely the SuperLig® 644, which was designed to selectively separate Cs in the presence of high
concentrations of sodium and potassium like those found in high ionic-srength dkaine high-leve
radioactive tank waste. Previous studies have shown that this organic resin is capable of achieving high
decontamination factors for Csin both amulated and actua Hanford alkdine waste (Brown et d.,
1995g; Brown et a., 1996; and Bray et d., 1995, King et d., 2000). Furthermore, because hydrogen
ions in solution (i.e,, H" or HsO") compete for resin ion exchange sites, Cs sorbed to SuperLig® 644
resin can be euted with strong acids and the resin can be used for multiple ion exchange cycles (Brown
et al., 1995h).

The physica appearance of SuperLig® 644 resin has been variable between production batches and
aso depends on the chemical form of the resin (hydrogen or sodium form). Of particular importance to
the physica behavior of the resin isthe fact that it swells and shrinks (by more than a factor of two) in
response to changes in solution pH and ionic strength. Resin shapeis generdly angular and exhibits a
wide particle-gze digribution releive to commercia polystyrene bead-type resins.

A single sample of SuperLig® 644 resin was used for al experimentsin this study. Criginadly, the Task
Technica Plan for this study indicated the use of a subsample of the 20-L batch of SuperLig® 644
shipped to SRTC on 01/09/2002. Because this resin was significantly different from the subsequent
production batch the 1-galon production batch (1-D5-03-06-02- 35-60) shipped from IBC Advanced
Technologies on 04/09/02 was used in this study based on the written direction of the project manager
Jm Toth. The resin sample was received in the hydrogen form under didtilled weter. Prior to
characterizing the chemica properties of this resn sample, a subsample of about 0.5 liters was collected
usng the generd vertica compositing techniquein ASTM D2687-95(2001). To summarize the
sampling, (1) the “asreceived” resin container was tumbled end-over-end about a dozen times, (2) the
resn was alowed to settle for gpproximately one minute, (3) aresin core was extracted from the larger
sample using aterrinch glass tube that was open on both ends (note: in order to prevent the resin core
from coming out of the glass tube the opening at the top of the coring tube was reduced to about %/inch
in diameter and the operator’ s thumb was placed over this opening during the withdrawal of the resin
core), (4) Steps 1-3 were repeated until about 0.5 L of resin subsample was collected.

3.1.1 Characterization and Pretreatment
The resin subsample was subjected to limited characterization. The “asreceived” sample was andyzed

for dementa composition, particle Sze digtribution, porosity, and dendity with a portion of the
characterization being conducted in support of the Pilot- Scale Smulant testing. Pretrestment consisted
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of a10:1 ratio of solution (mL) to resin (g) with the following batch treetments: 1 hr in 0.5 M HNOs;
three DI water washes for approximately 5 minutes each, two one-hour treatmentsin 0.25 M NaOH
(DI water rinse between the two). After pretrestment, resin was rinsed with five ten-minute DI weter
rinses. Thistreatment placed the resin in the sodium form, and this “ pretreated” resin was the form
used in the further chemica dudies

3.2 Simulant Preparation

In order to minimize costs associated with sample isolation, transfer, and handling, recipes have been
developed at SRTC to prepare nonradioactive smulants of various tank samples based on andysis data
from actud waste tank samples. Supernate smulants have been developed for severa specific waste
tanks and are being used for testing throughout the RPP-WTP test program.  All tank supernate
compoasitions are dominated by sodium sdts (nitrate, nitrite, hydroxide, and auminate are the dominant
counter anions), that are present in high concentrations (2-10 M Na). All waste sasmples are highly
caudtic. There are many minor waste condtituents. Cesium and technetium are present at concentrations
that are severa orders of magnitude lower than the concentrations of the primary condituents. These
conditions, therefore, require treatment technologies that are highly sdective for removal of trace
condtituents. The basdline trestment methodology for the supernate involves evaporation or dilution to
near 5M Na. For the Envelope C waste only, a precipitation process is employed to remove
radioactive strontium and transuranic elements. The supernate is then treated by ion exchange to
remove cesum and technetium.

AN105 and AN107 smulants were made to the composition prescribed in Eibling et d. (2000). The
concentrations of sdected species added during initid smulant preparation, based on the recipes
reported by Eibling (2000), are provided in Table 3-1. Table 3-2 provides the average measured
concentrations of the experimenta smulant blanks included in the baich contact testing.

A smple dkaine sat solution representing the arithmetic mean of the Phase 1 LAW feed as developed
by Larry Hamm of SRTC (Serkiz, 2002) was used in storage condition sub experiments. The use of a
amplified Imulant was designed to remove smulant complexity as a confounding factor to the
understanding of more fundamental properties of the SuperLig® 644 resin. The smple dkadine smulant
wasmadeto 5 M Nausing 1.1 M NaOH, 1.25 M NaNQO;, 0.15 M KNOs, and 2.5 M asthe
S(NaNO; + NaCl). The effect of counter anion composition (NO,™ or CI") was evauated by making
three smulants. 25 M NaNO,, 2.5 M NaCl, and 1.4 M NaCl + 1.1 M NaNO,. Each of these
smulants was spiked with CsSNOs to afind concentration of about 7 mg/L Cs. One-day contactswith
the one gallon SuperLig® 644 resin batch were conducted and no significant differencesin the Cs-Kd
va ues were observed between smulants. For ease of preparation, the 2.5 M NaCl composition
smulant was chosen for dl further work.
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Table 3-1 Expected Concentrations of Selected Speciesin Original Hanford Simulants Based
on Reagents Added.

Simulant AN-105 | AN-107*

M] [M]

Na 5.000 5.000

K 0.090 0.027

Al 0.687 0.008

S 0.004 0.051

P 0.003 0.007

Cr 0.012 0.000°
Mg 104E-04 | 6.07E-04
Ca 466E-04 | 159E-03
S 0.000? 4.46E-05
Ba 0.000? 3.20E-05
Cd 1.37E-05 | 3.36E-04
B 221F-03 | 191E-03

S 351E-03 0.000°
Mn 0.000° 6.01E-03
Fe 0.000 1.79E-02
Ni 0.000° 5.32E-03
Mo 400E-04 | 2.20E-04
Pb 120E-04 | 1.10E-03
Nitrate 1.243 2.188
Nitrite 1.126 0.784
Sulfate 0.004 0.051
Phosphate 0.003 0.007
Chloride 0.120 0.030
Flouride 0.005 0.004
Oxaate 3.24E-03 0.006
Formate 2.99E-02 0.136
Added Hydroxide 160 0.012
Carbonate 0.098 0.825
TIC 0.098 0.825
TOC 0.140 1.981

! The AN-107 simulant solution was significantly altered from the original composition during strontium/transuranics
precipitation process.
? |ndicates species absent from the Eibling recipe and not added to simulant.
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Table 3-2 ICP-ESMeasured Molar Concentrations (mole/L) of Selected Speciesin
Experimental Blanks of Hanford Simulants Used for Batch Contacts.

Simulant AN-105 AN-107

Element Average Std Dev Average Std Dev

Na 491 0.09 6.72" 0.14
K 1.00E-01 6.89E-03 4.23E-02 7.82E-03
Al 059 0.01 7.04E-03 2.31E-04
S 4.02E-03 891E-05 4.90E-02 1.31E-03
P 2.73E-03 9.04E-05 6.82E-03 5.18E-04
Cr 1.13E-02 1.74E-04 1.59E-03 847E-05
Mg <6.91F-06 NA 9.871E-06 2.378E-06
Ca 363E-06 2.09E-06 1.28E-03 101E-04
S 301E-07 1.85E-07 1.65E-03* 1.10E-04
Ba 7.67E-07 1.69E-07 1.25E-05 3.00E-06

Cd 1.15E-05 8.17E-07 2.49E-07 NA
B 2.23E-03 5.33E-05 1.99E-03 7.59E-05
S 2.82E-03 9.31E-05 2.24E-04 3.90E-05
Mn 3.28E-07 NA 1.18E-042 1.56E-04
Fe 7.67E-05 1.23E-05 1.11E-032 1.25E-04
Ni 357E-06 6.32E-07 4.80E-03 1.99E-04
Mo 4.00E-04 6.89E-06 2.26E-04 1.50E-05
Pb 1.15E-04 2.98E-06 1.94E-04 1.65E-05
cs® 4.14E-04 4.82E-05 5.74E-04 3.08E-05

! Indicates species whose concentrations were expected toincrease due to precipitation processing.
2| ndi cates species whose concentrations were expected to decrease due to precipitation processing.
$Csanalysisby ICP-MS.
Notes: Number of separate analyses AN105 = 17 and AN107 = 15.
NA = Standard deviation calculation ot applicable because aless than two measurements were above
method detection limit.

3.3 Batch Contacts

This study primarily relied on a batch contact approach to establish the sorption behavior of Csin
amulated dkaline waste. The generd approach to conducting these batch contacts was to add
SuperLig® 644 resin (described in Section 3.1.1) to akaline waste tank simulant at atarget resin- to-
smulant ratio of 1 g dry resnto 100 mL of smulant, agitating the sample (resin and smulant) for a
specified time interva, separating the resin solids from the reacted smulant, and andyzing the reacted
smulant and resin solids,
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Resin samplesfor batch contacts were collected by the following approach. The pretreated subsample
described in Section 3.1.1 was stored under ditilled water. A portion of this subsample was
transferred from the storage container to a Buchner funne with Whatman' filter paper using the generd
vertica compogting technique in ASTM D2687-95(2001). House vacuum was pulled on theresinin
the Buchner funnd until free flowing liquid ceased and then for an additiona three minutes. Vertica
cores of the resin were collected using glass tubing from the resin cake in the Buchner funnd and
transferred to duminum weighing pans and weighed. Because sorption caculations (eg., Kq and resin
loading) needed to be made on adry weight of resin basis, aminimum of two separate resin cores were
collected to determine an experiment- pecific f-factor. If only two f-factor samples were collected,
these f-factor samples were collected asthe first sample and last sample. If alarge number of contacts
(more than eight) were being started at one time then a third f-factor sample was collected near the
middle of the sampling. Target resin sample weights were 5 g of wet resin for the 250-mL contacts, 0.6
g of resin for the 30-mL contacts, and 1 g for f-factor andysis. With an f-factor of ~ 0.5, thisresulted
ina1:100 (g dry resin: mL smulant) solid to liquid retio.

After weighing the wet resin and the weighing pan, the f-factor samples were placed in an oven a 45° C
overnight. Sampleswere removed from the oven, placed in adesiccator to cool for about an hour, and
then weighed. Samples were placed back in oven for at least two hours at 45° C, then cooled in a
desiccator, and weighed. This process of drying to constant weight was repested until consecutive
weights differ by lessthan 0.01 g. Thef-factor isthen caculated as:

f —factor = find wt. dry resin (g)/initid wt. wet resin(g) Eq (1-1)

For the batch contacts, wet resin samples were added to an appropriate amount of smulant in
polyethylene bottles. All experimenta conditions were completed in duplicate and were conducted with
two 30-mL samples of smulant in cases where no resin solid characterization was required and a
duplicate of one 30-mL sample and one 250-mL samples when solids characterization was required. A
minimum of one experimenta blank, defined as Smulant in a polyethylene bottle without resin, was
included for each set of contacts. Samples were sedled in the polyethylene bottle by wrapping
Parafilm® between the bottle cap and bottle. For the shaken samples, sedled bottles were then placed
on a*“Lab Line Microprocessor Shaker” rotating water bath maintained at 25 + 0.2 © C and rotating at
gpproximately 60 rotations per minute. Water temperature was monitored once evey five minutesusing
a Type J thermocouple interfaced and logged to a Dell® Laptop PC using Labview™ library software.
For stagnant contacts, samples were placed in a Fischer Scientific “Isotemp 205" water bath maintained
a25+0.2°C.

At the end of the prescribed contact time, samples were removed from the water baths and filtered.
For the 30-mL contacts, samples were filtered with a syringe through a0.45 pM Acrodisc® syringe
filter. With the 250-mL contects, resin solids were separated from the smulant using a 500 mL
Nalgene® digposable 0.45 uM nylort® filter under house vacuum. The resin was then rinsed with 50 mL
of DI water in thefilter and under house vacuum. The filter was subsequently removed from the filter
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unit and the filter and solids stored in a sedled plagtic Petri dish until analysis. Filtrates from the 30-mL
and 250-mL contacts were stored in new polyethylene bottles prior to anayss.

3.3.1 Analytical Techniques

This section contains a description of the anaytica techniques used to characterize the chemica and
physical behavior of SuperLig® 644 resin as well as precipitates formed on the resin during the batch
contact experiments described above.

3.3.1.1 Aqueous-Phase Analyses
The agueous-phase andyticd methods used in this study are described below.
33111 ICP-MS CsAnalysis

A Fison Ingruments inductively coupled plasma (argon) mass spectrometer (ICP-MS), modified VG
PlasmaQuad PQ1, was used to determine stable cesium concentrations in supernate from the batch
contacts. All analyses were conducted by the Andytical Development Section (ADS) of the SRTC and
are covered by that section’s quality assurance procedures and practices.

The ICP-MSwas cdlibrated to Nationd Ingtitute of Standards and Technology traceable Cs standards
diluted to the one to 25 pg/L range. Standards and samples were spiked with an interna standard of In-
115 to assist in monitoring changes in anaytical performance. Batch contact supernate samples were
diluted 1:(2,000 to 5,000) and andyzed by collecting mass-133 data (for Cs-133). Samples were
generdly analyzed in sets of five to 10 and then the instrument performance checked by analyzing the 5
pg/L Cs 133 standard.

3.3.1.1.2 Turbidity

Turbidity was measured using alight scatting technique calibrated againgt NIST traceable sandards. In
al experiments, samples for turbidity anayses were collected in sealed 30-mL bottles.

3.3.1.2 Solid-Phase Analyses

Both optical microscopy (OM) and scanning e ectron microscopy (SEM) were used to characterize the
SL.644 resins before and after trestment with smulant. Optica microscopy of the resins alowed for
imaging of the vishle festures of the surface of the materid including variations in color and &bility to
trangmit light. SEM offers not only the advantage of higher magnification but aso the large depth of
field over arange of magnifications which dlows for the generation of three dimensond images of solid
materid surfaces. A disadvantage of SEM isthat it requires materias be stable under vacuum
conditions (i.e., Samples must be completely dried) and under dectron irradiation. Another
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disadvantage of SEM isthat in the case of insulating materids such as organic resins the materia surface
must firg be coated with a conducting materid.

Additiondly, energy dispersve x-ray (EDX) analysis was used in combination with SEM to further
probe the chemica composition of surface precipitates. This technique was not used to examine the
resnitsdf. Similarly, where appropriate, x-ray diffraction (XRD) analysis was used to further
characterize observed precipitates.

33121 Optical Microscopy

Optica microscope images were generated using a Nikon SMZ1500 microscope lenswith a
Diagnodtics Instruments camerainterfaced to a persona computer (PC) using SPOT software. The
sample was illuminated using a Southern Micro Instruments 150 Wait tungsten halogen light source.
The complete set of optica micrographs generated in this sudy have been recorded on compact disc
(Appendix A). Table A-1isalog of micrographs located in Appendix A.

33122 SEM/EDX

Scanning electron microscopy (SEM) images were obtained on adud stage ISI DS-130 (1984)
instrument. Imaging on the lower stage was carried out in either secondary dectron (SE) or backscatter
electron (BSE) mode with arange of gpproximately 15X to 3,000X megnification. The lower stage
was a so equipped with an energy dispersive X-ray (EDX) detector capable of quantitative elementd
surface andyss. Upper stage imaging was carried out in SE mode with a sample-dependent upper
magnification limit of 50,000X.

Samples were dried in vacuo prior to mounting. In atypica experiment, the same sample was used for
both upper and lower stage imaging. The sample was first mounted onto a 10 mm auminum or copper
stub using double-sided conductive tape cut to an appropriate Sze. The sample was then coated with
carbon by evaporation of carbon strands. Upper stage imaging was carried out first and then the same
sample as originally mounted was attached to a second mount of gppropriate geometry for the lower
stage experiments. A number of experiments were carried out using only the upper stage in which case
the samples were sputter coated with paladium. During the andlysis in the lower stage of the instrument,
specific areas or spots on the surface were mapped using EDX detection. Only surface precipitates
were mapped with the EDX andyss. The complete set of SEM micrographs and EDX spectra
generated in this study have been recorded on compact disc (Appendix A). Table A-1 isalog of
micrographs and spectralocated in Appendix A.

33123 XRD

X-ray diffraction data were collected on a Bruker D8 X-ray Diffractometer by step scanning over the
2Q ranges of 5-70° with astep sze of 0.02° and adwell timeof 1s. All insrument parameters are
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ligedin Table A-1. All XRD spectra generated in this study have been recorded on compact disc
(Appendix A). Table A-1 presentsalog of XRD spectralocated in Appendix A.

Table 3-3 Instrument parameters.

Radiation Source CuKa X-ray
Source Power 45kV, 40 mA
Wavedength 1.5405982 A
Goniometer Bruker D8
Divergence Slit 1°

Divergence Soller Sit None
Divergence Antiscatter 1°

Specimen Rotation No

Diffracted Beam Antiscatter  1°

Diffracted Beam Soller Slit 2°

Secondary Monochromator ~ Curved pyrolytic graphite
Recalving Slit 0.15°

Detector Nal Scintillation
2q Range 5° - 70°

Step Interval 0.02° (29)
Fixed counting Time 1 d/step

3.4 Experimental Control Experiments

Generdly, three sets of experimenta controls were employed in thisstudy. Thefirst wasto use
“equipment blanks’ (smulant without added resin) to ensure that Csis not being lost to the equipment
by sorption during the experiments. The second is the use of replicates to evaluate the degree of error
introduced in conducting the batch contact studies and the associated analytical measurements. The

third control wasto randomly repeet 10% of the experimental conditions.

Equipment blanks were included in contact experiments with Smulants A and C spiked with Cs. These
samples were shaken for periods of 0, 1, and 3 daysand 1, 2, 3, 4, 6, and 8 weeks (see Table 3-4).
After the prescribed period, the samples were filtered and filtrate anayzed for Cs concentration.

All batch contacts for a given set of experimental conditions were conducted in duplicate. Random
replicates of 10 percent (5 replicates) of the batch contact tests in the experimental matrix (47 batch
contacts) were conducted (see Table 3-4). Reyplicate contacts were conducted s multaneoudy with the
primary contacts to prevent variability associated with potentid time-dependent changes in resin
properties.
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3.5 Sorption Isotherm

Generdly speaking, asorption (i.e., surface excess) isotherm is the function relating, at constant
temperature and pressure, the sorbed concentration to the agueous phase concentration of the species
of interest a equilibrium. In the case of the equilibrium isotherm modd being developed by Hamm et dl.
(2000), the final agueous phase concentration of the specie of interest (¢ (mmole/L)) isrelated to the
surface ste loading (Q) (i.e., absorbed concentration (mmole/g dry resin)) for the specie of interest. In
the case of the modding for SuperLig® 644 resin, Csisthe dement of interest and the mathematical
form used to relate the aqueous and sorbed concentrationsin this modeling effort is the Langmuir
isotherm. Based on our previous experience, and in asmplified form, for cesum on the SuperLigo 644
resin the isotherm can be expressed as.

c
=255 )
f

where:

- cesum loading of resn (mmole of Cs/gram of dry resin)

tota cesium exchange capacity (mmole of Cs/gram of dry resin)
- liguid-phase Cs concentration at equilibrium (find conc.) [M]

- betaparameter reflecting competitor impact [M]

o O _(|')|,O

Langmuir Equation is generdly fit to experimenta datato obtain the Langmuir congtant b .

Implicit in this gpproach is that afinite number of specie-specific binding sites exist and as more of the
gpecie of interest is added to the system the fractiona sorption of the specie will decrease. Therefore,
the total pecie concentration in the system is an important parameter in explaining sorption behavior of
theresin. In addition to total specie concentration, Helfferich (1995) points out that resin sdlectivity
(competitive ion effects), solution speciation, and ionic strength can dl influence the sorption behavior of
the specie of interest and, therefore, can be important parameters to consider in a predictive sorption
modd!.

The interpretation of the results from this study will largely rely on the sorption isotherm construct.
Under specid Stuations, where the initid agueous Cs concentration (Cs), solid:liquid ratio, and solution
composition are controlled, a direct comparison of the data.using a Ky approach is probably
appropriate. Where:

K, (mL/g dry resn) = & =9 Eq (3-2)

f Cr

C isthe absorbed concentration of Cs. In thiswork this value was caculated from andyticd results for
initid (Cs) and final (Cs) cesum concentrations as.



WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-2003-00254

SRP-RPP-2003-00120
Integrated Sr/TRU Precipitation and Revision (Date): Rev. 0 (8/04/03)
Cslon Exchange Process Validation (U) Page: 250f 63
= (Cs(malel) - Cs(mole/ll))x voume smulant(L ) Eq(3-3)

wt. of dry resin (g)

Experimentaly, atotal of five separate batch contacts were conducted over a Cs range from about 10
to 250 mg/L in Envelope A (AN105) smulant.

3.6 Storage Condition Experiments

SuperLig® 644 resin was stored under three different conditions: dry with air in the headspace; under
digtilled water; and dry with nitrogen in the headspace. The experimental matrix for this sub experiment
is presented as Table 3-5. At prescribed storage times (start [0 weeks], 1, 3, 5, and 8 weeks) resin
samples from each of the three storage conditions were retrieved and subjected to batch contacts with
smple dkaine sdt smulant for three days. Aswith the tempora effects study, these contacts were
conducted in duplicate with one 30-ml and one 250-mL sample a asolid to liquid retio of
goproximately 1 g dry resin:100 mL smulant. At the end of the contact, resin solids were separated
and the reacted smulant andyzed for CsvialCP-MS.

Additiondly, resn solids from the 250-mL contacts were analyzed by microscopy techniques.
3.7 Temporal Effects Experiments

The primary purpose of this work was to examine the potential for formation of post-filtration
precipitates on SuperLig® 644 resin and evaluate if these precipitates have an influence on the Cs
remova performance of the resin. Thiswas evauated in a series of batch sorption experiments (see
Section 3.3) with smulants of Envelopes A and C that were contacted for time periods of up to 8
weeks at 25° C. The experimental matrix is summarized in Table 3-6.

Contacts were conducted in duplicate with one 30-mL smulant sample that was andyzed solely for
aqueous- phase changes and one 250-mL sample in which both the agueous and solid phases were
andyzed. Resin solids were analyzed by optica microscopy, €ectron microscopy, energy dispersive x-
ray for dementa composition, and particle-sze digribution.
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Table 3-4 Experimental Matrix — Experimental Controls
Storage Time | Contact Time Cs Added Supernate Solids Analysis
Sample ID Simulant (wk) (wk) (mg/L) Mixing Analysis
Equipment Blanks — Simulant A
EqBIk-AO A 0 NA 78 Shaken Cs, pH, Turb. None
EqgBIk-Al A 1 NA 78 Shaken Cs, pH, Turb. None
EqBIk-A2 A 2 NA 78 Shaken Cs, pH, Turb. None
EqBIk-A3 A 3 NA 78 Shaken Cs, pH, Turb. None
EqBIk-Ad4 A 4 NA 78 Shaken Cs, pH, Turb. None
EqBIk-A5 A 5 NA 78 Shaken Cs, pH, Turb. None
EqBIk-A6 A 6 NA 78 Shaken Cs, pH, Turb. None
EqBIk-A7 A 7 NA 78 Shaken Cs, pH, Turb. None
EqBIk-A8 A 8 NA 78 Shaken Cs, pH, Turb. None
Equipment Blanks — Simulant C
EqBlk-CO C 0 NA 78 Shaken Cs, pH, Turb. None
EqBIk-C1 C 1 NA 78 Shaken Cs, pH, Turb. None
EqBIk-C2 C 2 NA 78 Shaken Cs, pH, Turb. None
EqgBIk-C3 C 3 NA 78 Shaken Cs, pH, Turb. None
EqgBIk-C4 C 4 NA 78 Shaken Cs, pH, Turb. None
EqgBIk-C5 C 5 NA 78 Shaken Cs, pH, Turb. None
EqBlk-C6 C 6 NA 78 Shaken Cs, pH, Turb. None
EqBIk-C7 C 7 NA 78 Shaken Cs, pH, Turb. None
EqBlk-C8 C 8 NA 78 Shaken Cs, pH, Turb. None
Random Replicates
3-1 Rep Alkaline Salt 1 3 days 78 Shaken Cs, pH, Turb. OM, SEM, Density
8 Rep A NA 2 78 Shaken Cs, pH, Turb. OM, Density
18 Rep C NA 8 78 Stagnant Cs, pH, Turb. OM, Density
24 Rep C NA 6 78 Shaken Cs, pH, Turb. OM, Density
26 Rep C NA 8 78 Shaken Cs, pH, Turb. OM, Density

Notes. NA = not applicable; OM = optical microscopy.
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Table 3-5 Experimental Matrix — Storage Conditions
Sample ID Simulant Storage Time Contact Cs Mixing Supernate Solids
(wk) Time (days) | Added Analysis Analysis
(mg/L)
Stored Under Air Resin Dry
1-0 Alkaline Salt 0 3 78 Shaken Cs OM, SEM
1-1 Alkaline Salt 1 3 78 Shaken Cs OM, SEM
1-3 Alkaline Salt 3 3 78 Shaken Cs OM, SEM
1-5 Alkaline Salt 5 3 78 Shaken Cs OM, SEM
1-8 Alkaline Salt 8 3 78 Shaken Cs OM, SEM
Stored Under DI Water
2-0 Alkaline Salt 0 3 78 Shaken Cs OM, SEM
2-1 Alkaline Salt 1 3 78 Shaken Cs OM, SEM
2-3 Alkaline Salt 3 3 78 Shaken Cs OM, SEM
2-5 Alkaline Salt 5 3 78 Shaken Cs OM, SEM
2-8 Alkaline Salt 8 3 78 Shaken Cs OM, SEM
Stored Under Inert Gas Resin Dry
3-0 Alkaline Salt 0 3 78 Shaken Cs OM, SEM
3-1 Alkaline Salt 1 3 78 Shaken Cs OM, SEM
3-3 Alkaline Salt 3 3 78 Shaken Cs OM, SEM
3-5 Alkaline Salt 5 3 78 Shaken Cs OM, SEM
3-8 Alkaline Salt 8 3 78 Shaken Cs OM, SEM

Notes: OM = optical microscopy; SEM = scanning electron microscopy
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Table 3-6 Experimental Matrix Temporal Effects
Task Request Contact Cs Added
Sample ID Time (mg/L) Supernate
Simulant (Weeks) Mixing Analysis Solids Analysis2
4 A 8 78 Stagnant Full Suite OM, SEM, Density
5 A 8 78 Staghant Full Suite OM, Density
6 A 8 78 Stagnant Full Suite OM, Density
7 A 1 day 78 Shaken Full Suite OM, SEM, Density
8 A 3 day 78 Shaken Full Suite OM, Density
9 A 1 78 Shaken Full Suite OM, SEM, Density
10 A 2 78 Shaken Full Suite OM, Density
11 A 3 78 Shaken Full Suite OM, SEM, Density
12 A 4 78 Shaken Full Suite OM, Density
13 A 6 78 Shaken Full Suite OM, Density
14 A 8 78 Shaken Full Suite OM, SEM, Density
15 Covered with equipment blanks (see Table 3-4).
16 C 8 78 Stagnant Full Suite OM, SEM, Density
17 C 8 78 Stagnant Full Suite OM, Density
18 C 8 78 Stagnant Full Suite OM, Density
19 C 1 day 78 Shaken Full Suite OM, SEM, Density
20 C 3 day 78 Shaken Full Suite OM, Density
21-24 hr® C 1 78 Shaken Full Suite OM, SEM, Density
21-48 hr® C 1 78 Shaken Full Suite OM, Density
21-72 hr® C 1 78 Shaken Full Suite OM, Density
22 C 2 78 Shaken Full Suite OM, Density
23 C 3 78 Shaken Full Suite OM, SEM, Density
24 C 4 78 Shaken Full Suite OM, Density
25 C 6 78 Shaken Full Suite OM, Density
26 C 8 78 Shaken Full Suite OM, SEM, Density
27 Covered with equipment blanks (see Table 3-4).
28 A 3 20 Shaken Full Suite OM, Density
29 A 3 50 Shaken Full Suite OM, Density
30 A 3 100 Shaken Full Suite OM, Density
31 A 3 400 Shaken Full Suite OM, Density

Notes: (1) NA = not applicable; (2) Full Suite= Na, K, Cs, trangtion metals, and total inorganic
carbon/total organic carbon (TIC/TOC); (3) OM = optical microscopy; (4) SEM = scanning eectron
microscopy; (3) 24, 48, and 72 hrs are the time after precipitation of the smulant that the batch contact
was started.
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4 RESULTSAND DISCUSSI ON
41 Unreacted Resin Characterization
4.1.1 Elemental Compostion

The elementa compodtion of Naand K of the 1- gdlonresin sample was determined by microwave
digestion of the solid in concentrated nitric acid and analysis of the resulting liquid by ion coupled plasma
atomic emission spectrophotometry. The results of the anaysis were 0.64 mg K and 0.03 mg Na per
gram dry resin.

4.1.2 Porosity and Density

Two porosities, bed (i.e., void space in the resin bed) and particle (i.e., void space in the resin particle),
and two densities, skeletd (i.e., dendty of resin particle) and bed (i.e., dendity of resin bed), were
measured for the SuperLig® 644 one-galon batch resin (Table 4-1 and Teble 4-2). Thesephysicd
characterigtics of the resin were determined using solution displacement methods with the genera
approach described in ASTM C128-01. Briefly, the porosities and bed density were measured by
dlowing asample of dry, sodium form resin to swell in NaCl smulant before durrying it into a burette.
Volumes of smple dkadine smulant were added and euted to provide data from which to caculate the
physical parameters. The skeletd dengty was measured using asmall pycnometer, which isavessd of
precisdy caibrated volume. It was weighed containing resin and reagent as well as just reagent to
determine the density of theresin particles. The skeletd densities show little variation due to
experimenta conditions.

Table 4-1 Porosty and density of SuperLig® 644 one-gallon batch resin measured in NaCl
alkaline smulant.

Bed Porosity Particle Porosity Bed Density (g resin/mL)

0.41 0.52 0.30

Table 4-2 Skeletal density of SuperLig® 644 one-gallon batch resin measured in de-ionized
water and AN-105 smulant.

Initial Resin Form Reagent Skeletal Density (g resim/mL)
Sodium De-ionized Water 1.30
Sodium AN-105 1.37
Hydrogen De-ionized Water 1.36
Hydrogen AN-105 1.31
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4.1.3 ParticleSzeDistribution

The particle Size distribution of the SuperLig® 644 one-gallon batch resin was determined using a wet
seve method. Wet resin was placed in the top of atower of Sieves on a shaker, and wasthen
amultaneoudy rinsed with de-ionized water and shaken for twenty minutes to separate the resin
particlesinto the various mesh szes. Two wet Seve anayses were performed and the percent of resin
retained by each Seveisreported in Table 4-3. Over 96% of the resin particles were between forty
and sixty mesh in sze. Therather low deviations between the two sSeve andyses indicate that the as-
received sample was well mixed prior to conducting these measurements.

Table 4-3 Particle szedigtribution of SuperLig® 644 one-gallon batch resin by wet sieve
analysis. (2 replicates)

Primary Replicate Average

Mesh Opening (mm) % Retained % Retained % Retained
30 600 3.19 0.59 19+138
40 425 58.65 62.45 60.6 £2.8
50 300 24.05 24.16 24.1+0.1
60 250 11.93 11.58 11.8+02
80 180 2.01 1.13 1.6+0.6
100 150 0.17 0.08 0.1+01

Chord length andlysis was conducted using a Lasentec FBRM (Focused Beam Reflectance
Measurement) M400L. Raw chord length distributions are complicated by the fact that any given
particle contains a number of measurable chords depending upon the particle shape. Even with these
limitations, this gpproach is expected to provide a rgpid means to anayze relative changes in particle
size digributions on smdl sample szes. The chord-length digtribution for the as- received one gdlon
batch of SuperLig® 644 is plotted in Figure 4-1. 1t shows that the most abundant measured chord
length was between 150 to 400 uM. Thisis gpproximately equd to the resins retained on seves 40,
50, 60, 80, and 100 mesh. The Lasentec instrument clearly mesasures 2 parameters quite different from
seves and that chord length isa smaller parameter than nomind- particle diameter.

4.1.4 Optical Microscopy

Asreceived samples of SL644 exhibited a variety of particle morphologies as observed under the
optica microscope including resin particles with sharp angular edges, with scalloped markings, with
rounded edges, scalloped markings, rounded edges, and elongated cylindrical strands

(

Figure 4-2). The sodium form of the 25 gdlon Batch 1 resin is shown for comparison because the as
received sample of the 1 gallon SL644 batch used in this study was shipped in the hydrogen form. The
color of the resin particles of the hydrogen form of the SL.644 resin gppears orange under the optica
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microscope while the color of the sodium form appears as a darker reddish brown. The surface
morphology does not gppear significantly different comparing the hydrogen and sodium forms.
4.00

as-received

- e
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Figure 4-1  As-received chord-length distribution SuperLig® 644 One Gallon Batch

2000 mm 1.0086 mm

». ®" AR
Figure 4-2 Asreceived SL644 1 gallon batch (left). Asreceived SL644 25 gallon Batch 1
sodium form (right).

4.1.5 Scanning Electron Microscopy

SL644 resins in both hydrogen and sodium forms were andlyzed by scanning eectron microscopy. As
mentioned in the methods section of this report, scanning e ectron microscopy requires that the sample
be much drier than the optica microscope samples. Thus, it was anticipated that the impact of grester
dehydration would be apparent. Images of the hydrogen form and lower stage x-ray backscatter
images of the sodium form are shown in Figure 4-3. Irregular surface morphology is evident even at
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redively low magnification. The backscaiter images most clearly show large fissuresin the resin which
in some cases nearly dissect resin particles.

BYSELINE
5 3wl .. é?n-ilj:._H Wi

LHEH T TPEL AE44 ans

Figure 4-3 SL644 1 gaIIon batch hydrogen form SEM Upper stageimage (15.3 X top left.
305 X top right) SL644 25 gallon batch 1 sodium form SEM Backscatter image (19.0 X
bottom left. 100X bottom right).

4.1.6 X-Ray Diffraction

Both hydrogen and sodium forms of SL644 Resins exhibit a smple amorphous XRD pattern (Figure
4-4), indicating that these were no detectable crystaline phases associated with the resin.
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Figure 4-4 SL.644 1 gallon batch hydrogen form (top). SL 644 25 gallon batch 1 sodium
form (bottom).
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4.2 Experimental Control Experiments
4.2.1 Equipment Blanks

|CP-MS results for smulant Cs concentrations are summarized in. These equipment blanks are
samplestreated identically to the tempord-effects samples but contained no resin. These blanks contain
smulant from the same batch preparation (one each for AN105 and AN107). Therefore, the results
should incorporate errors associated with smulant heterogeneity, loss of Csto the experiment
equipment, and andyssvialCP-MS. Smulants are filtered and well mixed prior to use, S0 Smulant
heterogeneity is not considered a credible source of error.

There are not large changes in blank concentrations over time. The dope from regresson anaysisis -
0.24 mg Cs (loss) per liter per week (0.43 percent of C, per week) for AN105 blanks and 0.11 mg Cs
(gain) per liter per week (0.15 percent of C, per week) for AN107 blanks. With analysis errors of
between 1 and 5 percent for these samples (see below), no Csloss to the equipment was observed.

The equipment blanks contain two unique duplicate samples for each storage time and smulant and

each duplicate pair were andyzed by ICP-MS on different dates. The average standard deviation (at
29) within these nine sample duplicate sets was 5.5 with arange of 0.18 to 24 percent for AN105
blanks and 1.1 with arange of 0.00 to 2.7 percent for AN107 blanks. For this sample set, the
andytica error a the 95" percentile confidence level for duplicate samples run on the same day appears
to be on the order of 1 to 5 percent.

If it is assumed that there isno loss or addition of Csfrom the smulant over time, then the equipment
blanks can be used to estimate the analytica error for Cs measurement by |CP-M S where the samples
are andlyzed on different days. For the two smulant blank sample populations (n=18) at the 95™
percentile confidence level the andlytica error is 12 and 5.4 percent for AN105 and AN107,

respectively.
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Table 4-4 Equipment Blank Simulant Concentration Results

AN105 AN107
Storage Time ICP-MS Result ICP-MS Result
(weeks) (mg Cs/L) (mg Cs/L)
0 55.6 73.0
0 56.4 72.7
1 56.2 79.5
1 56.1 79.5
2 56.0 73.1
2 56.1 75.1
3 55.3 775
3 54.8 76.9
4 55.0 75.9
4 56.7 77.4
5 55.4 77.5
5 46.3 78.3
6 48.0 76.0
6 61.2 77.0
7 54.8 77.6
7 54.7 77.2
8 54.9 75.1
8 55.7 74.4
Average 55.0 76.3
Std Dev (2s) 6.4 4.1
% Std Dev (2s) 11.6 54

4.2.2 Analytical Reruns

Two sets of samples from this project were reanayzed on different days for Cs by ICP-MS and the
results are contained in. The first set was reandyzed the day after theinitial andyss and the average
standard deviation at the 95™ percentile confidence level was 1.2 percent, while the average standard
deviation for the sample set reandyzed roughly two months later was 5.5 percent.
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Table 4-5 1CP-M SReruns
Cs Result by ICP-MS (mg/L)
LIMS ID 1/13/03 1/14/03 11/07/02 1/14/03 % Std Dev at 2s
187515 12.8 131 NA NA 2.32
187516 7.61 7.75 NA NA 1.82
187517 12.55 12.6 NA NA 0.40
187518 4.31 4.31 NA NA 0.00
187519 9.92 9.88 NA NA 0.40
187520 6.14 6.17 NA NA 0.49
187521 77.2 79.3 NA NA 2.68
187522 77.6 78.8 NA NA 1.53
188239 NA NA 9.31 9.52 2.23
188240 NA NA 2.74 2.89 5.33
188241 NA NA 8.78 9.25 5.21
188242 NA NA 2.25 2.39 6.03
188243 NA NA 9.00 9.44 4.77
188245 NA NA 72.8 78.4 7.41
188246 NA NA 72.3 77.9 7.46
1st Set Average 1.16
2nd Set Average 5.49

4.2.3 Random Replicates

The results of the Cs analyses of random replicates along with those of corresponding primary samples
aresummarized in Table 4-6. In this experiment batch contacts for the primary and replicate samples,
as wdll as duplicate samples for both, were started at the same time with the same simulant batch.
Somewhat surprisngly, there was a significant systematic variation between the find agueous Cs
concentration between the 250-mL and 30-mL samples for shorter contact times (less than one week).
Inadmogt al casesfor this study, the shorter contact times resulted in higher fina agueous Cs
concentrations for the 250-mL samples than for the corresponding 30-mL duplicate sample. Even
though these samples were on the same shaker table, it isthought thet insufficient agitation of the larger
samples resulted in dower equilibration than for the corresponding 30-mL samples.

Within a given contact sample size (either 250 or 30 mL), however, there is good agreement between
thefinal aqueous Cs concentration at the end of the contact period. The average standard deviation at
the 95™ percentile confidence level was 12 percent (with arange of 2 to 48) between sample replicates
of the same sze and variations did not exhibit a systemétic variation with contact sample sze. With
andytical errors contributing on the order of 5 to 10 percent to the overal uncertainty, batch contact
preparation errors (e.g., Smulant volume, f-factor determination, and resin weight) appear to contribute
on the order of 2 to 5 percent of the total experimental uncertainty.



WESTINGHOUSE SAVANNAH RIVER COMPANY

Integrated Sr/TRU Precipitation and
Cslon Exchange Process Validation (U)

Report: WSRC-TR-2003-00254

SRP-RPP-2003-00120
Revision (Date): Rev. 0 (8/04/03)
Page: 37 of 63

Table4-6 Random Replicate Results

Primary Sample

Replicate Sample

L:S L:S
Initial Ratio(mL | 250mL: Ratio(mL 250mL:3
Sample | Cs Final Ag | Simulant/ | 30 mL Final Aq | Simulant/ | O mL
Size Conc Cs g dry Finalag | Cs g dry Final aq
Sample ID (mL) (mg/L) (mg/L) resin) Cs (mg/L) resin) Cs
Alkaline Salt
1 Week Storage
Under Nitrogen
3 Day Contact 250 72.5 11.3 89 2.47 NA NA NA
“ “  Dup 30 72.5 458 89 NA NA NA NA
AN105, 3 Day
Contact, Shaken 250 56.0 6.45 126 2.47 6.21 126 2.51
! “ Dup 30 56.0 2.61 126 NA 2.47 126 NA
AN107, 8 Weeks
Contact, Stagnant 250 74.8 5.17 180 1.53 3.16 179 0.97
Dup 30 74.8 3.37 172 NA 3.25 174 NA
AN107, 4 Weeks
Contact, Shaken 250 76.7 2.89 179 0.75 2.96 179 0.99
Dup 30 76.7 3.83 175 NA 2.99 177 NA
AN107, 8 Weeks
Contact, Shaken 250 74.8 3.06 179 0.93 3.20 179 0.96
“ “ Dup 30 74.8 3.28 171 NA 3.35 175 NA

4.2.4

Interpretation of Errors

The experimenta controls portion of this study has dlowed us to quantify the relative errorsin measuring
Cs sorption behavior on SuperLig® 644 and will, thus, be used to interpret the temporal effects and
storage effects experiments. While it was necessary to use alarge sample size (250 mL) to prepare
enough reacted resin samples for further characterization, these samples appear to take alonger time-
period to reach equilibrium than the 30-mL contacts. So, while the rdative trends within each of the
contact sample sizes should be consstent, the 30-mL contacts are expected to reach equilibrium more
quickly and should, therefore, be relied on for amore quantitative measure of Cs sorption behavior.

For the remainder of the data interpretation, the following relative errors will be used:
- seven percent for ICP-MS andlyss of Csin the smulant blanks,
13 percent for ICP-MS Cs andysis with batch contact preparation,
f-factor analysis error of three percent (induding weighing error), and

0.5 percent error in the volume of smulant.
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These errors must be propagated during the development of isotherms and calculation of Q and K
vaues from these data. Below isaquick derivation for estimating the measurement uncertainty (i.e.,
variance) in Kq vaues. Note that resin sample variability is not accounted for below. Herewe are
addressing only the measurement uncertainty associated with a particular equilibrium test. Starting with
the typica expresson for caculating aKy vaue

K, =X5 (4-1)
Ct
where Dc=c - ¢ ; f:M
Mes
and K, - digribution coefficient (ml/g)
C, - initid Csliquid- phase concentration (M or ppm)
(o - find equilibrium Csliquid- phase concentration (M or ppm)
m, - massof dry resininitsNaform (g)
Vg, - volumeof liquid-phase sample (ml)
f - phaseratio (ml/g)
Dc - reduction inliguid- phase Cs concentration (M or ppm)

One can obtain an estimate of the uncertainty in a Ky vaue, due the uncertainties associated with the
parameters that define it, by assuming:

A linear response surface gppliesin the vicinity of the measurement point (for measurement
deviations that are not sgnificantly removed from its true val ue this should be a reasonable
gpproximation); and

The various parameters that define the Ky vaue, as shown in Eq. (4-1), are independent
random variables.

By making the above assumptions, the variance in K4 can be estimated using the propagation of errors
method (Freund, 1971). First, EqQ. (4-1) must be linearized about some point of interest (denoted by
the subscript “0”):

éf . u éc,. U
(Kd Kdo): _éC_LI(Ci - CIO)- éTf OLIJ( f Cfo)
€% U fo u
(4-2)
e
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Given Bg. (4-2) and making use of the method of propagation of errors, the variance in aKy value can
be expressed as.

2 . 2 . .2 . .2
ef _u éc . u u é u
Sid :ég Sé +é&?fog Sif +?DCO fo , \zlsuln +:m0 fo l:lsﬁ’]rs (4-3)
ecfo u ecfo u @ 0 solnp a e Cfo mres,o Q
where S, - gandard deviation in Kd (ml/g)
S, - gtandard deviation inc (M or ppm)
S, - Standard deviationin c: (M or ppm)
Sy, - Sandard deviaionin Vs, (M)
S - dandard deviation in mes (Q)

For convenience, |ets define reative uncertainties (i.e., a percent change in some quantity) in terms of
percentage of deviation from the current sampling point:

d o 2L i=K,c,c,V (sometimes f) (4-4)

soln? r&s’

By dividing Eq. (4-3) by Eq. (4-1), then smplifying, we obtain the expression:

0. :ec u 02+ gclo U +[1]2d\2/| +[2e? (4-5)
&Dc, § &0, 4 -
. 2
or 02, = o ; gl +d2 )+ (e, +d2 ) (4-6)
éDCoU

If we chose to combine the liquid volume and resin mass terms into the single phase-ratio term, Eq. (4-
6) takes the form:

2

o g (d2 + )+ d? (4-7)

2
de—

('D: )('D\
QT
[t ey ey

Equations (4-6) and (4-7) provide us with estimates of the variance in aKy vaue given the uncertainties
associated with the measured variables that defineit. A smilar set of derivations can be performed to
edimate the variance in Csloading. Starting with the estimated Cs loading vaue:

Q=K¢ (4-8)
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we arrive a the expresson:
éc e C l‘J
2 % 2 f 2 2
0o = g S e f e ol v ) (*9)
e u o U

The overal error in absorbed concentration necessarily isafunction of Cs and Cs where, asillustrated
in Table 4-7, the relative error increases with decreasing absorption.

Table 4-7 Relative error of Q asa function of final Cs concentration

Final Cs (mg/L) Relative Standard Deviation of Q
1 7.7
5 8.1
10 8.8
30 14
50 29
60 48
70 107

Cs Initial = 80 mg/L
4.3 Sorption Isotherm

Sorption isotherm data for Cs absorption to the 1 gallon batch of SuperLig® 644 from AN-105
amulant are presented in Table 4-8 and grgphicdly in Figure 4-5.  Initid Cs concentrationsin the
smulant ranged from approximately 10 to 250 mg/L.. Asistypicad of Langmuir type sorption, the curve
isnearly linear at low agueous concentrations of Cs where there exists alarge excess of sorption Sites
relaive to the aqueous phase concentration of Cs. In the high Cs concentration regime, the curve
asymptoticdly flattens to the limit of the tota binding Ste concentration of the resin.

The Langmuir modd (Equation 3-1) wasfit to the experimenta datain Table 4-8 and atotd Cshbinding
ste capacity of 0.333 mmole/g resin from Hamm(2000) to yield a best fit Langmuir congtant (i.e., 3) of
1.260E-4 M. Asapoint of reference, the Langmuir modd fit for this dataset will be included on other
isotherm plots.
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Table 4-8 AN105 | sotherm Data
SL644-1 Gallon Batch
[Cs] Initial [Cs] Aqueous Result ICP-MS [Cs] Solid
(mmole/L) (mmole/L) (mmole/g dry resin)
9.48E-02 6.95E-03 = 9.03E-04 1.59E-02 + 1.31E-03
9.48E-02 6.30E-03 = 8.19E-04 1.58E-02 + 1.29E-03
2.02E-01 1.16E-02 + 1.51E-03 3.42E-02 + 2.76E-03
2.02E-01 1.08E-02 + 1.41E-03 3.43E-02 + 2.75E-03
4.21E-01 4.85E-02 + 6.31E-03 4.70E-02 + 4.06E-03
4.21E-01 1.96E-02 £ 2.55E-03 5.04E-02 + 4.02E-03
4.85E-01 5.18E-02 + 6.73E-03 7.82E-02 + 6.68E-03
4.85E-01 6.13E-02 + 7.97E-03 7.67E-02 £ 6.73E-03
1.91E+00 3.66E-01 + 4.75E-02 2.73E-01 + 2.64E-02
1.91E+00 4.41E-01 + 5.73E-02 2.68E-01 + 2.78E-02
250-mL contact
Sorption Isotherm
SL644 1 Gallon Batch
AN105 Simulant
'© 1.0E+00
(7)) L
‘l; L _ _ResinBinding.Site Capacity =.0.333.mmaoalelg. . ...
= L
% 1.0E-01
o
E
E
- 1.0E-02
° N
n L . .
= " Langmuir Model Fit  R=1.26E-04
e 1.0E-03 — =
1.0E-06 1.0E-05 1.0E-04 1.0E-03

[Cs] Agq (molell)

Figure 4-5 Cs sorption isotherm in AN105 ssimulant SL 644 (one gallon batch) 30-mL samples.

4.4 Temporal Effects

The results of the tempora effects experiments are organized and discussed in terms of chemica
performance of the resin and post-reaction characterization of the resn solids.
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44.1 Chemical Performance

Batch contact results from the tempora effects experiments are summarized in Table 4-9 and Table
4-10 for AN105 and AN107 simulants, respectively. Because the solid:liquid retio and initia Cs
concentrations don't vary significantly within each of the datasets, tempora effects data within each
smulants can be compared directly using aKy congtruct. Data with Ky versus contact time are
presented graphicaly in Figure 4-6 and Figure 4-7, for AN105 and AN107 smulants, repectively.

For both smulants the data show that sorption reaches amaximum leve in roughly the one to two week
timeframe. As noted previoudy, thereis an affect of sample volume for the one and three day contacts
with the 30-mL samples exhibiting afaster absorption rate. With contacts grester than three daysin
length, there was no datigtica difference within al the sample pairs except the three-week contact in
AN107 smulant. After the three-week sorption maximum, there appears to be agradud, but
datidicdly nonsgnificant (? =0.05), declinein Cs sorption. Plotted in isotherm space, with alinear x-
axis, the conclusions are the same (see Figure 4-8 and Figure 4-9) Q versus Final [Cslaq for AN105
and AN107 data, respectively.

Table 4-9 AN105 Temporal Effects Cs Sorption Results

Kd
Contact Liquid:Solid Solid Cs (mL/g
Time Sample (mL/g dry Initial [Cs] Final [Cs] (mmole/g dry

(weeks) Vol (mL) resin) (mole/L) (mole/L) dry resin) resin) s Kd
0.1 250 126 4.21E-04 8.73E-05 4.21E-02 482 91
0.1 30 126 4.21E-04 5.25E-05 4.65E-02 886 152
0.4 250 126 4.21E-04 4.85E-05 4.70E-02 968 164
0.4 30 126 4.21E-04 1.96E-05 5.04E-02 2570 405

1 250 126 4.22E-04 1.38E-05 5.15E-02 3720 579

1 30 126 4.22E-04 1.05E-05 5.18E-02 4920 760

2 250 126 4.22E-04 1.10E-05 5.18E-02 4720 729

2 30 126 4.22E-04 1.04E-05 5.18E-02 4980 770

3 250 126 4.14E-04 1.11E-05 5.08E-02 4600 711

3 30 126 4.14E-04 1.14E-05 5.07E-02 4430 686

4 250 126 4.20E-04 1.08E-05 5.16E-02 4800 742

4 30 126 4.20E-04 1.10E-05 5.16E-02 4700 727

6 250 126 4.11E-04 1.14E-05 5.03E-02 4400 682

6 30 126 4.11E-04 1.20E-05 5.03E-02 4180 648

8 250 126 4.16E-04 1.15E-05 5.10E-02 4430 686

8 30 126 4.16E-04 1.26E-05 5.09E-02 4030 625
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Table 4-10 AN107 Temporal Effects Cs Sorption Results
Kd
Contact Liquid:Solid Solid Cs (mL/g
Time Sample (mL/g dry Initial [Cs] Final [Cs] (mmole/g dry
(weeks) Vol (mL) resin) (mmole/L) (mmole/L) resin) resin) s Kd
0.1 250 176 5.48E-04 1.59E-04 6.86E-02 432 91
0.1 30 167 5.48E-04 9.48E-05 7.58E-02 800 145
0.4 250 178 5.48E-04 7.90E-05 8.37E-02 1059 186
0.4 30 167 5.48E-04 2.88E-05 8.66E-02 3005 477
1 250 179 5.48E-04 2.65E-05 9.36E-02 3532 558
1 30 177 5.48E-04 2.18E-05 9.33E-02 4274 670
2 250 180 5.48E-04 1.86E-05 9.67E-02 5205 811
2 30 179 5.48E-04 1.87E-05 9.55E-02 5117 797
3 250 180 5.48E-04 2.24E-05 9.96E-02 4440 697
3 30 180 5.48E-04 4.83E-05 8.88E-02 1839 303
4 250 179 5.58E-04 2.17E-05 9.93E-02 4568 715
4 30 177 5.58E-04 2.88E-05 9.61E-02 3336 529
6 250 178 5.81E-04 2.31E-05 9.92E-02 4293 673
6 30 167 5.81E-04 2.49E-05 9.76E-02 3918 616
8 250 179 5.77E-04 2.30E-05 9.68E-02 4205 659
8 30 175 5.77E-04 2.47E-05 9.20E-02 3726 586
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Figure 4-6 Cs-K4 versus contact time AN105 smulant 30-mL samples.
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Figure 4-7 Cs-K4 versus contact time AN107 simulant 30-mL samples.
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Temporal Effects Experiments
AN105 Simulant
1 Gallon SL644 Resin

[ Resin Binding Site Capacity = 0.333 mmole/g

0.01 HLangmuir Fit Beta =1.26E-04 M

Sorbed [Cs] mmole/g dry resin

0.00 Note: Graph symbols are contact durations (weeks).
. 1 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 1
2e-5 4e-5 6e-5 8e-5 le-4

Final [Cs] mole/L
Figure 4-8 Q versus Final [Csl,q AN105 simulant.

Temporal Effects Experiments
AN107 Simulant
1 Gallon SL644 Resin

Resin Binding Site Capacity = 0.333 mmole/g
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0.01 Langmuir Fit Beta =1.26E-04 M

Sorbed [Cs] mmole/g dry resin

Note: Graph symbols are contact durations (weeks).
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Figure 4-9 Q versus Final [Csl.q AN105 smulant 30-mL samples.




WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-2003-00254

SRP-RPP-2003-00120
Integrated Sr/TRU Precipitation and Revision (Date): Rev. 0 (8/04/03)
Cslon Exchange Process Validation (U) Page: 46 of 63

4.4.2 Resin Characterization
4.4.2.1 Optical Microscopy

4.4.21.1 AN105 Smulant

SL644 resin exposed to the AN105 smulant (Figure 4-10) quditatively shows no gross changesin
gpparent particle sSze digtribution or surface morphology as compared to the “as-received” resin (Figure
4-2). Resins exposed to the AN105 smulant do appear, however, dightly darker than the as-received
resin presumably due to conversion of theresin to the sodium form. After exposure to the AN105
smulant, particle edges quditatively appear more blunt on average than in the “as received” resin. This
effect is more pronounced with longer exposure to the smulant.

Figure 4-10 SL644 25 gallon Batch 1(left). AN105 1 week (center). AN105 Stagnant A 8
weeks (right).

4.4.2.1.2 AN107 Smulant

In contrast to the resins exposed to AN105 simulant, SL644 resin treated similarly with AN107
smulant appear quite differently under the optical microscope. As mentioned previoudy, samples were
not stored in completely air-tight containers, consequently some of the samples which were dl originaly
stored moist retained some residua moisture (Figure 4-11) while others evaporated residua moisture
dowly (Figure 4-12). For the AN107 resins that maintained some resdua moisture, theinresin
particles gppear asindividua resin particles coated with aliquid that rapidly evaporates at ambient
conditions (Figure4-11). Astheliquid evaporates, an orange brown residue is left behind. The moist
AN107 resin was quite maleable in contrast to the resins exposed to the smple akaline and AN105
smulants which were much morerigid. A single AN107 resin particle was reedily severed in two
pieces using a smdl wooden dowe gpproximatdy 1-mm in diameter.

The morphology of the AN107 resins which dried dowly during storage gppeared quite different from
the moigt resins due to the formation of large clumps of resin particles that agglomerated together
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(Figure 4-12). After drying an agglomeration of resin in vacuo, clumps of orange solid materid form
and gppear to be crygdline in nature. This solid wasidentified by XRD as sodium oxalate (see Section
4.4.2.3)

Figure 4-11 Optical M icrop of one-gallon batch col
weeks stored moist (left) after 10 minutes (right)

> 1.000mm . ; - N s g S ]
Figure 4-12 Optical Microscopy of SL 644 one-gallon batch contact with AN107. 8
weeks dried dowly during storage (Ieft) AN107 Stagnant C dried in vacuo (right)
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4.4.2.2 Scanning Electron Microscopy
4.4.2.2.1 AN105 Smulant

SEM images of the AN105 resin exposed for 8 weeks are shown in Figure 4-13. Aswith theresns
contacted with the smple dkdine smulant, large fissures were observed on the resin surface even a
lower magnification. At higher magnification, avariety of highly irregular surface morphologies were
observed and presumably could act as Sites of resin degradation (Figure 4-13). On multiple resin
particlesinvestigated by SEM, formations of clusters of spherica particles were observed (Figure
4-14). EDX reveded the chemica compaosition to be duminum and slicon. Given the higher duminum
and dlicon concentrationsin the AN105 smulant and the fact that these clusters were not observed on
the “as received” resin or the smple dkaline resns they are attributed to the precipitation of chemica
species found in the smulant contacted. It is not clear, however, given the nature of the anaytica
technique whether these duminosilicates were formed as a precipitate during exposure to the Smulant in
bulk or, rather, during separation and storage. A number of unique surface precipitates were observed
and probed by EDX (Appendix A), however, because they were not identified on multiple resin
particles we do not report their composition in this text.
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Figure 4-13 SEM images of SL 644 AN105. 8 weeks Stagnant A: 15.4 X (upper left),
154 X (upper right), 2040 X (lower left and lower right)
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Figure 4-14 SEM image of SL 644 one-gallon batch contact with AN105.
8 weeks Stagnant A (inset) and EDX spectrum of spherical precipitate.

4.4.2.2.2 AN107 Smulant

The surface of resin exposed to AN107 Smulant were coated with numerous rod-like crystals. EDX
revealed that the dementa compostion of the crystals consists of carbon, oxygen, and sodium (Figure
4-15). XRD definitively identified the organic compound as sodium oxaate (see section 4.4.2.3). The
high organic content of the AN107 simulant appears to favor partitioning of the sodium oxaate to the
resin particles.  The sodium oxdate partitioned to the resin is not readily removed with a brief deionized
water rinse employed in this study.
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Figure 4-15 SEM image of SL644 one-gallon batch contact with AN107. 8 weeks

Stagnant C (inset) and EDX spectrum of rod-like crystals of sodium
oxalate.

4.4.2.3 X-Ray Diffraction

Further characterization of the resn exposed to the AN107 smulant by XRD revedsthat the rod-like
crystals observed by optica microscopy and SEM exhibit an x-ray diffraction pattern characteritic of
sodium oxaate (Figure 4-16). Detection limits are on the order of 0.5 percent by weight for the
ingrument employed in thisstudy. Although not quantified, the XRD andyss shows that greater than
0.5 percent by weight of sodium oxaate is present in resin exposed to AN107. Quantification is
possbleif thisis an important parameter.
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Figure 4-16 XRD patterns of SL 644 one-gallon batch contact with AN107. 8 weeks
Stagnant C (resin and precipitate) (top) with overlay of the XRD pattern
for sodium oxalate for comparison (bottom).

4424 ParticleSizeDistribution

Lasentec FBRM chord length analysis was conducted on SuperLig® 644 resin solids in DI water after
eight weeks of contact with AN105 and AN107 smulants. These data are plotted in dong with the as
received resin data as areference (Figure 4-17). These dataindicate a shift to smdler chord lengths for
resin solids exposed to dkaline smulants. For the AN105 reacted resin solids, the maximum chord
length does not change significantly but there is an increase in the rdative proportion of smdler particle.
The effects for resin exposed to AN107 are much more pronounced. Resin solids from this contact
exhibit a shift of about one-haf an order of magnitude in the mean chord-length. Data from both
contacts are suggestive of the formation of fines during the contact process with the AN107 contacted
sample clearly showing a much greater effect than the AN105 contact.
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Figure 4-17 AN105 and AN107 contacted chor d-length distribution SuperLig® 644 One
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4.4.3 Temporal Effects Summary

The chemica performance (Cs sorption) of the exposure of Superlig 644 resin to AN105 and AN107
tank amulants was smilar to previoudy observed behavior for this materid. That is, maximum sorption
is achieved on the order of three to seven days after which sorption dowly declines as a function of
time. The Cs sorption behavior was very smilar for thisresin in both the AN105 and AN107 simulants
both in terms of the magnitude and time-dependent changes. For these studies, there was not a
datigticadly sgnificant difference (greater than about 20 percent) in Ky vaues between the maximum
sorption and the end of the study (eight weeks of contact).

Precipitates were identified on the resin solids after contact with the smulants. A relatively smdl surface
coverage of an unknown duminosilicate was identified for resns contacted with AN105 smulant and
very large amounts of sodium oxaate solids were identified on resins contacted with AN107 smulant.

From aphysica properties sandpoint, smulant contact had a very profound influence on the resin
character. Optical microscopy showed that resn exposed to AN105 smulant resulted in increasingly
rounded resin morphology. Resin contact with the AN107 smulant led to mallesble agglomerated resin
with amdler resn particles than the sarting materid. Particle Sze andyss usng an optica technique
showed the production of smaler particles during contact and the AN107 contacted solids exhibited a
large shift (about one-haf an order) of magnitude in the mean chord-length of the particles.
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Because the physical and chemical properties of thisresin are presumably changing Smultaneoudly, it is
not possible with this dataset to discern the relative contribution from each source or synergidtic effects.

45 Storage Conditions

The results of the storage conditions experiments are organized and discussed in terms of chemica
performance of the resin and post-reaction characterization of the resin solids. In these experiments,
Superlig® 644 resin was stored under air, DI water, and nitrogen. At specified timesresin was
removed from storage and contacted with Cs-containing sSmple dkadine salt amulant for three days.
After the contact, the resin was separated from the smulant and the smulant andyzed for sable Csto
evauate changesin chemica performance due to storage conditions. The resin solids were dso
andyzed to characterize precipitates that formed during the contacting process.

451 Chemical Performance

Batch contact results from the storage conditions experiments are summarized in Table 4-11. With the
exception of the zero-week storage sample (athree-day contact on the initid storage resin samples), the
liquid-to-solid retios are within severd percent and the initid Cs concentretions are dl the same. This
alows adirect comparison of the effects of storage conditions within this dataset usng an evauation of

K 4 vaues from batch contact experiments.

The air storage K4 data are plotted as afunction of storage timein Figure 4-18. As was observed for
the tempora effects sudy for the shorter contact times, these data exhibit a syslematic biasin Ky vaues
between the two contact sample Szes. This, as discussed previoudy, is likely due to differencesin
degree of agitation (i.e, liquid film mass transfer coefficient) between the two sample sizes. Within the
ar-storage K4 dataset, there is no systematic trend in K for either the 30- or 250-mL contact results
even though some of the differences are outsde the standard error assigned for these results (e.g., the
three week 30-mL sample compared to the other 30-mL samples). Less variability was observed
between the 250-mL results as compared to the 30-mL samples. K datafor dl storage conditionsasa
function of storagetime are plotted in Figure 4-19. In al but the one week storage sample, the air-
stored resin resulted to the lowest Ky vaue. Differences between Ky values were up to about 25
percent, but was only detidicdly different after eight weeks storage.

Storage condition data are plotted in isotherm space for 30-mL samplesin Figure 4-20, Figure 4-21
and Figure 4-22 for air, DI water, and nitrogen gas storage, respectively. A smilar syslematic trend
exigts between each storage condition, that is degree of sorption generdly follows 8 week>5 week>3
week » 1 week. Samplesfor aparticular resin storage duration (i.e,, 1, 3, 5, and 8 weeks) for al three
storage conditions were analyzed for Cs by ICP-MS on the same day and this suggests that an
andytica biasisthe source of the trendsin Ky as afunction of storagetime.
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Table 4-11 Summary of chemical performancefor storage condition experimentswith Smple
Alkaline Salt smulant.

Storage Liquid:Solid Solid [Cs]
Time Sample (mL/g dry Initial [Cs] | Final [Cs] [ (mmole/g Kd
Sample ID (weeks) [ Volume (mL) resin) (mole/L) (mole/l) dryresin) | (mL/g)
0-Week Contact 0 250 114 5.46E-04 | 9.33E-05 | 5.14E-02 551
0-Week Contact Dup 0 30 114 5.46E-04 | 3.37E-05 | 5.84E-02 1731
Stored Under Air
1-Week Storage 1 250 89 5.46E-04 | 8.73E-05 | 4.10E-02 470
1-Week Storage Dup 1 30 89 5.46E-04 3.16E-05 4.57E-02 1445
3-Week Storage 3 250 93 5.46E-04 | 9.63E-05 | 4.16E-02 431
3-Week Storage Dup 3 30 93 5.46E-04 | 5.73E-05 | 4.54E-02 793
5-Week Storage 5 250 88 5.46E-04 | 7.00E-05 | 4.17E-02 595
5-Week Storage Dup 5 30 87 5.46E-04 2.05E-05 4.58E-02 2235
8-Week Storage 8 250 89 5.46E-04 | 9.78E-05 | 4.00E-02 409
8-Week Storage Dup 8 30 89 5.46E-04 2.61E-05 4.65E-02 1779
Stored Under DI Water
1-Week Storage 1 250 89 5.46E-04 | 9.93E-05 | 3.98E-02 401
1-Week Storage Dup 1 30 89 5.46E-04 3.12E-05 4.58E-02 1468
3-Week Storage 3 250 92 5.46E-04 7.46E-05 4.35E-02 583
3-Week Storage Dup 3 30 92 5.46E-04 4.62E-05 4.59E-02 994
5-Week Storage 5 250 88 5.46E-04 | 6.88E-05 | 4.18E-02 607
5-Week Storage Dup 5 30 87 5.46E-04 NA NA NA
8-Week Storage 8 250 89 5.46E-04 8.13E-05 4.15E-02 510
8-Week Storage Dup 8 30 90 5.46E-04 | 1.81E-05 | 4.73E-02 2621
Stored Under N2 Gas
1-Week Storage 1 250 89 5.46E-04 8.50E-05 4.12E-02 484
1-Week Storage Dup 1 30 89 5.46E-04 | 3.45E-05 | 4.56E-02 1322
3-Week Storage 3 250 89 5.46E-04 | 9.48E-05 | 4.02E-02 424
3-Week Storage Dup 3 30 89 5.46E-04 3.24E-05 4.58E-02 1413
5-Week Storage 5 250 89 5.46E-04 6.69E-05 4.27E-02 638
5-Week Storage Dup 5 30 89 5.46E-04 | 1.72E-05 | 4.70E-02 2741
8-Week Storage 8 250 89 5.46E-04 | 7.98E-05 | 4.15E-02 520
8-Week Storage Dup 8 30 90 5.46E-04 1.89E-05 4.72E-02 2498
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Storage Conditions Experiments
Air Storage
SL 644 One Gallon Batch
Simple Alkaline Simulant

3000

2500 1

® 30-mL Contact

A 250-mL Contact

2000 +
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Kd (mL/g)
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Storage Time (weeks)

Figure4-18 CsKy versusstorageduration in air 30 and 250 mL samples.

Storage Conditions Experiments
All 30 mL Samples: All StorageConditions
SL 644 One Gallon Batch
Simple Alkaline Simulant

3500
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B Nitrogen Gas Storage

® Air Storage
A DI Water Storage
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Figure 4-19 CsK4 versus storage duration in all storage conditions 30 mL samples.
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Storage Condition Effects Experiments
All 30-mL Contact; Air Storage
1 Gallon SL644 Resin

I Resin Binding Site Capacity = 0.333 mmole/g
£
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Figure 4-20 [Cs].q Versus Qcs air storage conditions 30 mL samples.

Storage Condition Effects Experiments
All 30-mL Contact; DI Water Storage
1 Gallon SL644 Resin

I Resin Binding Site Capacity = 0.333 mmole/g

Langmuir Fit Beta =1.26E-04 M

0.1 1 —_—

Sorbed [Cs] mmole/g dry resin
\
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001 L . Note: Graph symbols are storage duration (weeks
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Figure 4-21 [Csl,q Versus Qcs DI water storage conditions 30 mL samples.
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Storage Condition Effects Experiments
All 30-mL Contact; Nitrogen Gas Storage
1 Gallon SL644 Resin

I Resin Binding Site Capacity = 0.333 mmole/g

Langmuir Fit Beta =1.26E-04 M

0.1 1 -

Sorbed [Cs] mmole/g dry resin

. Note: Graph symbols are storage duration (weeks)
T T

0.01 . . * T
2e-5 4e-5 6e-5 8e-5
Final [Cs] mole/L
Figure 4-22 [Cs],q Ver sus Qcs nitrogen gas storage conditions 30 mL samples.

4511 Resin Characterization
45.1.1.1 Optical Microscopy

Quditatively, no gross changes in particle-size distribution or physical appearance were observed for
the SL644 resin exposed to the smple akaline smulant under avariety of storage conditionsincluding
arr, nitrogen, and water storage. Aswith the as recelved and pretreated resins, avariety of particle
morphologies are present.

Resins were not stored in completely artight containers prior to andysis. Consequently, some of the
resns were damp at the time of analysis while others were no longer damp due to evaporation. This
moisture effect on the optica appearance of the resin particles further complicates interpretation of smal
differences in resin gppearance due to tempord and storage effects. A white precipitate was observed
on anumber of dry samples. When probed further usng SEM and EDX techniques (see 4.5.1.2), this
precipitate was determined to be sodium chloride presumably from evaporation of Smulant.

Quadlitatively, sharp edges appear to dull and more rounded resin morphologies are observed when
comparing Smulant exposed resins with the as received materid (SL644 hydrogen form) or
“pretrested” SL644 sodium form) (
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Figure 4-2 and Figure 4-23). However, changes in morphologies due to duration of contact are more
pronounced than comparing short-term storage (0 week) to longer storage (3 or 5 weeks). Differences
in morphology due to different storage conditions (air, water, nitrogen) could not be distinguished under
the optical microscope.

Figure 4-23 SL 644 25 gallon Batch 1(left). NaCl-0 weeks storage (center). NaCl-5
weeks-Air (right).

e

4.5.1.2 Scanning Electron Microscopy

Figure 4-24 shows SEM images of resin exposed to the smple dkaine smulant in both secondary
electron (left) and x-ray backscatter (right) modes. Irregular surface morphology is most evident in the
x-ray backscatter mode as large fissures in the resin materid. Such fissures are aso present in the “as
received” resin (Figure 4-3). The backscatter image shows a surface precipitate (white spots) more
clearly than the secondary dectron image. The chemical compaosition of this surface precipitate was
probed by EDX and determined to be sodium chloride (Figure 4-25).

\
o Gk PR 20 Sl

. s 0T a2

.

Figure 4-24 NaCl-5 weeks-H,0. Secondary electron (left). Backscatter image (right)
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Figure 4-25 NaCl-5 weeks-H,0 (inset) and representative EDX spectrum for sp(; 2

45.1.3 X-Ray Diffraction
No diffractograms were collected on resin reacted with the smple akaine smulant.
45.2 Sorage Conditions Summary

No systematic trend in K, in terms of storage time were observed with any of the storage conditions.
These data are complicated by large error bars associated with batch Ky measurements made from
solution+ phase analysis and a probable andytica bias arising from different analysis dates.

Thear-gtored resin led to the lowest Ky vaue and the DI-Water and nitrogen-gas stored K vaues
werevirtudly identical. Differences between Ky vaues were up to about 25 percent, but only
daidicdly different after eight weeks storage.

Resin contacted with the smple akaine smulant showed a similar response to resin exposed to AN105
smulant. That isagradua rounding of the particleswith time. Small amounts of NaCl precipitates were
a so observed on the surface of the resin.
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APPENDIX A. MICROSCOPY DATA

Compact disc containing complete set of micrographs generated in this study (Table A-1)

Table A-1 Log of optical micrographs, SEM micrographs, EDX spectra, and XRD spectra
included in Appendix A.

sample optical SEM
Resin date simulant___duration other 7X___upper lower EDX XRD

1 gal 11/11/2002 none baseline 1 12 1
25 gal Batch 1 11/11/2002 none baseline 1 22 4 1
25 gal Batch 2 11/11/2002 none baseline 1

25 gal Batch 3 11/11/2002 none baseline 1

1 gal 8/15/2002 AN105 1 wk 1

1 gal 8/22/2002 AN105 2 wks 1

1 gal 8/29/2002 AN105 3 wks 1

1 gal 9/5/2002 AN105 4 wks 1

1gal 9/19/2002 AN105 6 wks 1

1gal 10/3/2002 AN105 8 wks shaken 1

1gal 10/3/2002 AN105 8 wks Stagnant A 1 8 8 3

1 gal 10/3/2002 AN105 8 wks Stagnant B 1

1 qal 10/3/2002 AN105 8 wks Stagnant C 1

1 gal 7/23/2002 AN107 lday supernate 1

1gal 8/6/2002 AN107 2 wks Table 3 1

1gal 8/13/2002 AN107 3 wks 1

1 gal 8/20/2002 AN107 4 wks 24Rep 1

1 gal 9/3/2002 AN107 6 wks 1

1 gal 9/17/2002 AN107 8 wks 1

1 qal 9/17/2002 AN107 8 wks Stagnant C 1 8 19 9 1
1 gal 9/27/2002 NacCl 0 wks Storage 1

1 gal 10/4/2002 NaCl 1 wk Air 1

1 gal 10/4/2002 NaCl 1 wk H20 1

1 gal 10/4/2002 NaCl 1 wk N2 1

1 gal 10/18/2002 NaCl 3 wks Air 1

1gal 10/18/2002 NacCl 3 wks H20 1

1gal 10/18/2002 NacCl 3 wks N2 1

1gal 11/1/2002 NacCl 5 wks Air 1

1gal 11/1/2002 NacCl 5 wks H20 1 4 15 10

1 gal 11/1/2002 NacCl 5 wks N2 1






